A-V conduction was analyzed in 75 patients (mean age, 73 years) with sinus bradycardia (SB) by His bundle (BH) recordings. Forty-five of these patients had normal QRS complexes ('-0.10 sec) and 30 had abnormal QRS complexes (_0.12 sec). The conduction times through the atrium (P-A), A-V node (A-H), and His-Purkinje system (H-V) were measured during normal sinus rhythm and transient right atrial pacing up to rates of 150/min. The normal range of conduction times through various regions is: P-A =25 to 45 msec; A-H = 50 to 120 msec, and H-V = 35 to 45 msec. Overall A-V conduction was completely normal only in 25 (33%) patients. Of these 25 patients, 20 had a narrow QRS complex and five had an abnormal QRS complex. The remaining 50 patients showed abnormal A-V conduction in one or more regions (P-A in 10, A-H in five, BH in six, H-V in 10, and mixed in 19). In some patients despite normal ECGs, the H-V time was abnormal and 1:1 A-V conduction was present during atrial pacing up to 150/min. An abnormal H-V time in association with a normal QRS complex is suggestive of delay in the His bundle. Fourteen patients were restudied at intervals of 6 months to 2 years. Three of these 14 patients showed prolongation of conduction times over 1% to 2 years.
A-V CONDUCTION DEFECTS ventricular, atrial, and coronary sinus.3-7 The latter two sites are preferable to ventricular pacing in view of the value of the atrial transport function.8 ' 9 In symptomatic patients with SB the preferential site of pacemaker implantation (atrial or ventricular) depends, however, on the integrity of the A-V conduction system. The status of the A-V conduction system may be better evaluated by intracardiac recordings of the specialized conduction system in view of previous reports indicating the limitations of the standard ECG in the diagnosis of A-V conduction defects.10 11 The purpose of this study is to analyze A-V conduction in patients with sinus bradycardia by intracardiac recordings of the specialized conduction system and study of conduction times through various regions of the A-V conduction system, i.e., intraatrial (P-A), A-V nodal (A-H), and the His-Purkinje system (H-V).12 Methods A-V conduction was studied during right heart catheterization in 75 patients with SB ranging in age from 45 to 92 years (mean age, 73) (tables 1 and 2). Only patients who consistently (at many and different occasions) showed a sinus rate of 55/min or less were included in this group. Sixteen of the 75 patients showed ECG evidence of sinoatrial block or sinus arrest. Eleven of the 75 had atrial tachyarrhythmias (tachyeardiabradyeardia syndrome). Forty-five patients had normal QRS complexes (<0.10 sec; table 1) and 30 had abnormal QRS complexes (> 0.12 sec; table 2). The data on cardiac drugs are shown in tables 1 and 2. In two patients (cases 10 and 22) the SB may be attributed to drugs, but the remaining 20 patients receiving cardiac medications at the time of study had exhibited SB prior to the institution of therapy with drugs. None of these patients studied had a fresh myocardial infarction, nor was any in the immediate postoperative period.
The design and objective of our study were explained to each patient and a signed informed consent was obtained. The patients were studied in the postabsorptive state and were given sodium pentobarbital (Nembutal, 100 mg) intramuscularly 1 hour before catheterization. His bundle electrograms were recorded and validated by BH pacing as described previously.'2' 13 The BH electrograms were recorded with filter settings of 40 to 200 Hz and at paper speeds of 100 and 200 mm/sec. The right atrium was Circulation, Volume XLIV, December 1971 paced for a short duration (usually 15 to 30 sec) in all patients until second-degree A-V block developed or until atrial rates reached approximately 150/min. Premature atrial beats were also induced at varying intervals. To evaluate the effect of vagal tone on the sinus rate, atropine (2 mg) was administered intravenously to 11 patients without any contraindications (tables 1 and 2). Fourteen of these patients were restudied after intervals of 6 months to 2 years.
Definition of Terms
The A and V waves are respectively the atrial and ventricular electrograms recorded from the area of the A-V junction. BH is the bipolar electrogram from the bundle of His. During normal sinus rhythm P-A time was measured from the earliest onset of the P wave recorded on the standard ECG leads to the first rapid deflection of the A wave on the bipolar electrogram. P-A time is an estimate of intraatrial conduction time. The A-H time is the interval from the onset of the A wave to the first rapid deflection of the BH bipolar electrogram and essentially represents the conduction time through the A-V node. The H-V time is measured from the first rapid BH deflection to the earliest ventricular depolarization recorded in any of the intracardiac or three standard ECG leads and represents the conduction time through the His-Purkinje system (HPS). The three surface ECG leads, as well as the bipolar electrogram (BE) from the area of the A-V junction, were simultaneously recorded in an effort to demarcate accurately the earliest atrial and ventricular activation times.
The range for normal P-A time is 25 to 45 msec (37 + 7), and for normal A-H time is 50 to 120 msec (77 + 16). The BH deflection duration is normally 15 to 20 msec; the normal H-V time is 35 to 45 msec (40 ±3) .12 During a given study the error in measurement varied by ±2 to ±3 msec. It should be stressed that a prolonged H-V time may be due to conduction delays localized anywhere in the His-Purkinje system, i.e., in the main BH, bundle branches, or more peripherally in the Purkinje fibers.
Results

Normal A-V Conduction
Twenty-five (33%) of the patients had normal conduction times at all sites. Of these 25 patients, 20 had narrow QRS complexes and five had abnormal QRS complexes ( fig.   1 ). All the latter five patients had a widened QRS complex despite normal conduction times at all three sites measured, i.e., P-A, A-H, BH, and H-V. Tach   N  N  N  LAD  N  N  N  LAD  N  LAD  N  N  LAD  LAD  N  N  N  N  N  N  N  N   80  80  80  80  80  80  80  80  80  80  80  90  100  100  80  100  80  80  90  80  80  80   1320  1100  1300  1220  1200  1200  1150  1810  1600  1130  1380  1320  1500 The remaining 50 (67%) patients had abnormal conduction times in one or more regions. Of these 50 patients the QRS complex was normal in 25 and abnormal in the other 25.
P-A (Intraatrial) Delays Only
In 10 of the 50 patients with abnormal conduction times in one or more regions, the P-A time was prolonged and ranged from 55 to 120 msece. Eight patients had narrow QRS complexes, and two had wide Q9S complexes.
An example from a patient who had 1°A-V block due to intraatrial conduction delay but normal A-H and H-V times is shown in figure  2 . Patients with a P-A time of '-50 msee were not included in the abnormal group. 
Mixed Lesions
Nineteen patients with SB showed prolonged conduction times in more than one region, i.e., P-A, A-H, and H-V ( fig. 7) .
Overall, A-V conduction was abnormal in 56% fig. 8) . Two other patients (case 19 and 40) initially showed no change at 6 months but had increased conduction times during a third study after an interval of 132 years. In case 19 A-H and H-V times had increased from 120 and 50 msee to 170 and 60 msec, respectively. In case 40, however, the increase in H-V time was only from 40 to 50 msec without any change in A-H time. In the remaining 11 patients the conduction times were unchanged.
Two patients (cases 68 and 69) when initially studied had abnormal H-V times but no sinus bradyeardia. In view of the history of syncope permanent demand pacemakers were implanted. In these two patients, follow-up studies demonstrated severe sinus bradyeardia ( fig. 6) interval of 0.28 sec whereas another (case 6) manifested a P-R interval of 0.28 sec during right atrial pacing at 60/min.
The data from our study are not only in agreement with these observations, but further indicate that SB is more often associated with A-V conduction defects than hitherto recognized. The overall incidence in our series was 67%. In the present study 56% fig. 4) with a narrow QRS complex and a normal P-R interval had a prolonged H-V (60 msec) time compatible with a significant BH disease, not manifested in the ECG. This patient ( fig. 4 ) also showed 1:1 A-V conduction with atrial pacing up to 150/min. Presence of 1:1 A-V conduction at rapid heart rates despite signfficant BH disease in the above case reveals the limitations of the concept that "adequacy of atrioventricular conduction was first assessed by means of atrial pacing using an external generator at frequencies between 70 and 130/min with the electrode placed in contact with the atrial endocardium. '7 An earlier study'1 from this laboratory demonstrated that patients with normal sinus rhythm and 1:1 A-V conduction, despite a significant disease in the HPS (as indicated by a prolonged H-V time), usually show 1:1 A-V conduction during atrial pacing at rapid rates. When 20 A-V block was manifested at higher rates, it was usually localized in the A-V node rather than the HPS.1" Some of the patients in that study had exhibited complete heart block only hours before demonstrating 1:1 A-V conduction at rapid rates with atrial pacing (see figs. 11 and 14 of reference 11) . Therefore, it is suggested that atrial pacing alone cannot be used to assess the status of conduction in the HPS, although conduction through the A-V node may be stressed as it is rate-dependent ( fig. 3 ).
His bundle disease may not be diagnosed in patients with abnormal QRS complex and prolonged H-V time without measuring the activation time from the proximal portion of both right and left bundle branches to the onset of ventricular activation.'6 Abnormal H-V time in a patient with a bundle-branch block may be due to conduction delays anywhere at one or more sites in the HPS (BH or bundle branches). Since only right heart recordings were obtained, the true incidence of BH delays cannot be assessed in the present study because organic lesions may affect either both bundle branches alone or follow-up study 2 years later revealed normal conduction through the A-V node but marked increase in the H-V time (60 msec; fig. 4 ) with major delay located in the BH. These observations raise an important issue: (1) Does the disease process usually involve only the sinus node or does it extend to the other regions of the A-V conduction system over a period of time? (2) What will be the longterm fate of the patients with normal conduction and implanted atrial pacemakers? This can be properly answered only by follow-up studies in a large series of patients extending over a long period. On the basis of a high incidence (67%) of conduction defects in patients with SB in the present study, it is conjectured or suggested that the pathologic process eventually involves various regions. It is probably a matter of time until the degenerative process is manifested throughout The itnduced (PI) premature atrial beat (second complex) wvith P-P of 400 nmsec is conducted w;ith a prolonged H-V (100 ,itsec) and an aberrant QRS complex.
(B) As the P-P interval tias shortened to 350 i7nsec, the imnpulse was' blocked distal to the BH deflection teitli an A-li timne of 130 7ensec. the cardiac conduction system. Preliminary observations in patients with complete heart block are also of interest. In our experience, several of the patients vith complete heart block originally localized in the HPS, on follow-up studies, showed extreme sinus bradycardia and abnormal conduction through the A-V node in contrast to the control study. In addition, in the present series two patients (cases 68 and 69) with history of syncope and 1:1 A-V conduction when studied initially showed abnormal H-V time but no sinus bradyeardia ( fig. 6 ). Essentially these findings suggest that the disease process involving the conduction system is progressive and eventually extends throughout the conduction tissue, Circulaton, Volume XLIV, December 197] irrespective of the site where it is originally manifested.
The history of dizziness, syncope, and Adam-Stokes syndrome was elicited from 28 patients of our group. These symptoms could not be correlated with A-V conduction defects. Thirty-s.x percent (18 of 50) of the patients with abnormal A-V conduction and 40% (10 of 25) of the patients with normal A-V conduction were symptomatic. These symptoms were probably not due to A-V conduction abnormalities because 1:1 A-V conduction was present during sinus rhythm (or supraventricular impulses). This suggests that these symptoms were primarily dependent on the manifestations of the sick sinus node and, in addition, on the escape interval and automaticity of the subsidiary escape pacemaker during sinus arrest or block. Recent study from this laboratory provides the means for evaluating automaticity and the sinus-node recovery period in patients with SB and may aid in predicting the extent of sick sinus node.18. 1$)
In the majority of the patients in our study, who had constantly shown SB over long periods and were not receiving cardiac medication, the role of drugs can be ruled out.
The role of excessive parasympathetic tone is excluded in most of the patients given atropine (tables 1 and 2) who did not show sufficient acceleration in sinus rate. 20 The findings from our selected group of patients suggest that SB in the elderly patients may not be a benign or an isolated abnormalitv.
